The new technologies such as devices and mobile internet are becoming mainstream at a massive new scale. They are disrupting the ways organizations; namely higher education has operated for decades. Higher education schools must transform their teaching learning process and approaches to change how they engage with their students, innovate around new techniques and models and rethink how they operate. To lead in this digital era, higher education professors must use IT to enable students' intimacy at a massive scale, establish high-value in and out of the school. The future is promising for higher education transforming and overcome in this era. In this context is critical to understand whether users (students and professors) are receptive and aware to adapt to this new trends before deciding to implement teaching-learning approaches on mobile technology. The aim of this study is to investigate the perception if the Portuguese Universities professors using Mobile Learning with gamification and augmented reality and if so how they can be used to promote student's engagement inside and outside of the classroom.
interaction and (c) 3D reference. The use of this technology with mobile devices gives students the opportunity to gain differentiated access to a particular topic to be studied. In this context, the AR mobilizes the learning environment regardless of location and time, allowing flexibility in learning, particularly in higher education.
Gamification is described as "using game-based mechanics, aesthetics and game thinking to engage people, motivate action, and promote learning." [2] . In a pedagogical context, O'Donovan [6] classified gamification as a didactic method, especially with respect to the validity of its integration. Gamification is not just a combination of elements of a game (points, leader boards, etc.), but should also be seen as an experience for the player [7] . In the context of the teaching-learning process, the use of gamification has had a positive result, particularly in the implementation in a set of themes and in several age groups, from undergraduate to university level [2] .
In this context, the aim of this paper is to investigate the perception if the Portuguese Universities professors using Mobile Learning with gamification and augmented reality and if so how they can be used to promote student's engagement inside and outside of the classroom.
The paper is organized as follows. In section 2 the background of mobile learning as well as augmented realty and gamification is presented and discussed. The research methodology is presented in section 3. In section 4 is presented the analysis and discussion of results. Finally, section 5 presents the final conclusions and some directions for future work.
BACKGROUND

Mobile learning
The concept of m_learning, according to [8] has received increasing attention from educational institutions regarding instructional environments. Such environments require careful assessment, both at the technical level and at the pedagogical level. Among the various definitions of m_learning, in [9] it is broadly defined as a form of e_learning that specifically uses mobile devices to provide learning and support content [10] . Essentially, m_learning is based on the use of mobile devices anywhere at any time [11] . The predominant use of mobile technologies, also referred to as portable technologies, allows students to learn when and where they want [12] . These technologies also allow students to have access to learning content (e.g. learning materials, tests, dictionaries) and can benefit from a customized curriculum according to their learning needs [10] .
The importance of perceptions, both by students [13] , [14] and [15] , and by professors [16] on the use of m_learning applications has been focused and analyzed in different studies. These studies highlight the acceptance of mobile learning given the ease and capacity to use without time and location restrictions. However, it is necessary to look at several aspects of m_learning applications, namely the technical capacity of mobile devices, the expectations and capacities of students and professors, as well as the effectiveness of the tools in terms of the teaching-learning process.
In [17] a set of applications based on remote laboratory technology are presented and simultaneously identified as successful implementations that take advantage of m_learning, since they allow independent access to the laboratory location and are especially useful in scenarios where the space is limited or in the context of distance education [18] . Some of the most important examples are: MIT iLab, the Networked Control System Laboratory (NCSLab) and eComLab. In this context the literature shows that there are several types of m-learning applications, such as ubiquitous and augmented games [19] that use audio / video streaming and podcasting [20] , aimed at different areas of study such as language learning [21] , the teaching of the natural sciences [22] , and that such applications have been developed according to the needs of the students and the characteristics of the different areas of knowledge.
Augmented reality
In the early 1990s Caudell and Mizell [23] introduced the term "Augmented Reality" (AR). In the early years, work in AR was limited to a small group of academics, later with the developments in smartphone technology became technologically possible to look through a mobile device and overlay virtual graphics in space, thus opening up new possibilities of its application in trade and industry [24] In these new applications it is possible to denote that augmented reality has become a tool used, for example, to aid medical procedures [25] , to maintain and repair artefacts [26] , to animate news [27] , and to serve as a platform for providing advertising content [28] .
As in almost all new technologies, finding a formally accepted definition across the community is often difficult. As far as AR is concerned, the issue is practically similar. In [29] a set of definitions is presented in chronological order: (i) in [30] , an AR system complements the real world with virtual (computer generated) objects that seem to coexist in the same space as the real world. (ii) AR for Zhou et al. [31] is a technology that allows computer-generated virtual images to overlap exactly physical objects in real time. Unlike virtual reality (VR), where the user is completely immersed in a virtual environment, AR allows the user to interact with virtual images using real objects in a continuous way. (iii) Reitmayr and Drummond [32] define AR as a promising user interface technique for mobile and portable computing and location based systems. (iv) Carmigniani et al. [33] define AR as a direct or indirect real-time view of a real physical environment that has been augmented by adding computer generated virtual information to it.
Another relevant example of the application of RA, according to [34] is in the manufacturing industries that aim essentially to reduce product defects, cycle time and costs related to rework [35] . Thus, Michalos, et al. [34] showed that AR technologies allow users to view and interact with 3D objects more easily than they can through a simulation or computer screen, making them more appropriate for cases that: a) access to computers is not easy, and b) the time to seek and obtain assistance is limited [36] . Another application of AR, no less relevant, is in museum exhibitions. In this context, Nicola, et al. [37] showed that AR is adopted to emphasize real-world elements through computergenerated sensory inputs (sound, video, animations, etc.). In the same sense, the authors cite [38] as an example of the use of AR, for the reconstruction of 3D cultural objects, in museum exhibitions.
The application of AR in the context of the teaching-learning process is more complex, since it is not enough to build applications and use mobile devices for their use. Since the question must be raised: if augmented AR only affects the presentations of objects with the purpose of acting as a stimulus and improves the user's perception, or has some added value in an educational perspective? A possible answer to this question of education, according to [37] the "augmented" must be observed in two orthogonal perspectives: technological and cognitive, that is, the solution has to be integrative to not only become the introduction of more technology in the teaching-learning process in a single way, and that only introduces even more "noise".
Gamification
In 2011, Deterding et al. [38] defined gamification, such as the use of game design elements in nongame contexts; this area is relatively new but with rapid growth. However, its first use, documented, is 2008. This concept is different from the concept of an educational or serious game. However, the concept itself is not new, according to [2] the badges and rankings have long been used in the military in the Soviet era, where elements of the game were used by the leaders of the Soviet Union as a substitute for monetary reward in performing work, etc.
This concept is already being used in several areas, namely in business, marketing, corporate management, education / training and ecology [39] . The reason for their use advocated by these authors is justified by their potential to shape user behavior in a desirable direction. For example, you can highlight, among others, loyalty programs (frequent flyer, Foursquare and Nike +). There are also other examples of organizations (Stackoverflow.com, codeacademy.com, khanacademy.org, eBay, Fitocracy, etc.) that took advantage of concepts such as reputation based on the number of right answers, how many more courses and lessons the users complete, more badges won, etc.
In the education and training sector, secondly [40] the principles of gamification, can contribute to help improve some or all aspects of education / training and are applied with "the intention to be more than entertainment" [41] . The main reason for this improvement is directly related to mechanisms that allow to increase the involvement with the learning contents and essentially to give feedback on the progress through the use of competitive tools such as rankings. Additionally, on the one hand, Connolly et al. [42] suggest that gamification may improve learning by overcoming some learning barriers, such as lack of attention, involvement and interest, introduced the pleasure factor in performing tasks, or learning activities [43] . On the other hand, the use of realistic and virtual simulations allows the understanding and internalization of concepts and be closer to reality [44] .
RESEARCH METHODOLOGY
The purpose of this section is to describe the procedures used to collect data that are the basis for this research. The main feature of the scientific method is an organized research, strict control of the use of observations and theoretical knowledge.
For the present study, we used the methodology of quantitative research, since it is more appropriate to determine the opinions and attitudes of the respondent based on structured questionnaires. In this approach, data is collected through structured questionnaires, and clear goals in order to ensure uniform compression of the respondents and a consequent standardization of results.
The undertaken study was descriptive in nature. Data collected for quantitative research through the use of questionnaires requires special care because it is not enough to collect responses about the issues of interest, it is also important to know how to do statistical analysis for proper results validation. Aspects such as the sample size, the way the questionnaire is prepared, the questions formulation, data analysis, error margins, the selection of individual process of who should compose the sample, among other things, are important and they should be taken into account for any investigation [45] . This method is recommended when you want to know a population, to analyse social phenomena and, in cases where it is necessary to inquire a big number of people about a certain subject. The questionnaire before being delivered was subjected to the evaluation of four experts in the field.
The aim of this study is to investigate the perception of professors in higher education, the area of technology in Higher Education Institutions (HEIs) in Portugal in relation to m-learning, and to identify the needs of professors as they relate to mobile technologies and how they can be used to promote student's engagement inside and outside of the classroom (augmented and gamification).
The quantitative study was based on an online questionnaire with several sections which include: Demographic information, Prior knowledge, Participation /Engagement, Use of Mobile Devices and Mobile use in the classroom. The first section (Demographic information) consists of 6 questions, which include, the age, gender and teach program(s). To achieve our goal, in the other sections we will only analyze the results regarding the issues related to AR and Gamification in the MD (8 questions -Q1 to Q8). Almost all questions were close-ended type. Sections 3 and 5 use five-point Likert scale ranging from "Strongly Disagree" (1) to "Strongly Agree" (5). The questionnaire has been online for 60 days and 37 valid Portuguese responses were received. Data collected were pooled and treated by using the IBM SPSS Statistics 24.0 software. Statistical analyses used for the data analysis were frequency analysis, descriptive statistics, non-parametric tests (Chi-square, Fisher's test and Mann-Whitney) and Hierarchical Cluster Analysis.
ANALYSIS AND DISCUSSION OF RESULTS
The study sample consists of 37 professors from higher education in the area of technology in HEIs in Portugal. Most respondent´s gender were male (64,9%) whereby, the majority of professors were aged between 41 to 50 years old (59,5%). As for teach program, 73% of them teach in PhD, 78,4% in Master and 51,4% in Degree.
Since professors can simultaneously teach various levels of education, we find interesting to cross these data with the ages. It was concluded that, the youngest only teach in the under degree, and the higher the age group, the more levels of education they teach.
When it comes to the matter of "Prior Knowledge", we aim to assess whether the percentage of Portuguese higher education professors knows how to download augmented reality and gamification applications for MDs is significantly high ( Table 1) . We note that the majority of Portuguese professors have knowledge on how to perform the downloaded augmented reality applications and download Mobile App Gamification on a MD despite being new technologies.
Next, we check if the gender of professors is independent of whether they know-how to download augmented reality and gamification applications for MDs (Tables 2-3 ). Note that the cross tables constructed to perform the Chi-square test are 2x2 tables, which showed that they had more than 20% of the cells with expected frequencies below 5 (one of the conditions of applicability of the test). This is the reason why we had to opt for Fisher's Test (p-value = 0.006 <0.05 and p-value = 0.143> 0.05, respectively) [46, 47] .
Firstly, we can conclude that there is an association between gender and the download of augmented reality applications for MDs, which can be confirmed by carefully analyzing Table 2 , since it is well known that for female "No" predominates (61.5%), and for males the "Yes" predominates (87.5%).
In contrast, there is no statistically significant association between the gender and the download of gamification applications to MDs. This fact is confirmed in Table 3 , when we find that the "Yes" predominates regardless of the gender of the professor (79.2% -male, 53.8% -female). It is also of interest to note that there is an association between Q2 and the fact that the professor teaches or not doctoral courses (Fisher's test with p-value = 0.013 <0.05). This is because, while most of those who teach these courses (89.5%) know how to download mobile gamification apps on a MDs, compared to those who do not teach these courses only 50% know how to download.
As can be seen in Table 4 , in terms of Participation/Engagement, both mean values are above the neutral position of 3 which suggested that professors agree that augmented reality and gamification could be incorporated into ML class. As questions Q3 and Q4 are measured on an ordinal scale, in order to assess whether there are differences in professors' opinions, to incorporate into the classrooms, augmented reality and gamification according to gender, we performed the Mann-Whitney statistical test (p-value = 0.404> 0.05 and p-value = 0.814> 0.05 respectively). Although these results lead us to conclude that there are no statistically significant differences, the separate calculation by gender of the means reveals that in relation to Q3, male professors tend to be less inclined to incorporate augmented reality applications in classrooms ( Male: mean = 3.92; Female: mean = 4.15).
In regard to "Use of Mobile Devices" to perform educational tasks, inside or outside the class, we conclude that most professors agree that students play an educational game on their MD (Q5) and use MD with augmented reality (Q6) as a learning tool (Table 5 ). For these two questions, after crossing with gender, given the resulting tables (Tables 6-7) , we are led to believe that there is an association between gender and questions Q5 and Q6. This is because 66.7% / 58.3% of male professors agree with the use of gamification and augmented reality in their MD as a learning tool, respectively. Here, as all Chi-square test conditions of applicability are verified, it was used (with continuity correction -2x2 tables) to evaluate this possible association. However, the values obtained for these tests contradict our assumption (p-value = 0.192> 0.05 and p-value = 0.418> 0.05), that is, statistically we cannot state that exist the association between the gender and Q5 and Q6 variables. It should be noted that, whatever the degree taught by professors, we found that as far as students play educational game on their MD, they predominantly agree with the use of this educational tool (with percentages of "Yes" above 60%). For students who use their MDs with augmented reality applications as a learning tool, professors' opinions, regardless of the degree they teach, are no longer predominantly in favour, since both percentages ("Yes" and "No" ) are in the order of 50%.
As can be seen in Table 8 , in terms of mobile use in the classroom, both mean values are quite above the neutral position of 3 which suggested that professors believe that students can appropriately use MD with augmented reality apps (Q7) and with gamification apps (Q8), for learning. In order to evaluate whether gender influences the professors' opinions regarding Q7 and Q8 questions given the measurement scales of the variables are ordinal, we performed the Mann-Whitney statistical test (p-value = 0.913> 0.05 and p-value = 0.582 > 0.05, respectively). Although these results lead us to conclude that there are no statistically significant differences, the separate calculation by gender of the means reveals that for both questions the male professors have a lower tendency to believe that students can be taught how to appropriately use MD with augmented reality apps and with gamification apps, for learning (male: mean = 4.00 / 3.96; female: mean = 4.15 / 4.23 for questions Q7 and Q8, respectively).
Finally, in order to group the variables into homogeneous groups, we use Hierarchical Cluster Analysis (exploratory multivariate data analysis) [47] where each variable belonging to a given cluster is similar to all others belonging to that cluster and is different from the variables belonging to other clusters.
According to the dendogram obtained (Figure 1 ), the variables Q7 ("Professors believe that students can be taught how to appropriately use MD with augmented reality apps for learning") and Q8 ("Professors believe that students can be taught how to appropriately use MD with gamification apps for learning") are very close (strongly correlated) and Q3 ("Augmented reality could be incorporated into mobile learning classes") and Q4 ("Gamification could be incorporated into mobile learning classes") are associated with these a slightly greater distance forming a cluster. The other variables are associated successively (at a greater distance). The variable Q6 ("Professors agree with students use their MD with augmented reality as a learning tool, inside or outside the class") is the most dissimilar of the others. 
CONCLUSIONS AND FUTURE WORK
The new technologies such as devices and mobile internet are becoming mainstream at a massive new scale. Higher education institutions must transform their teaching learning process and approaches to change how they engage with their students, innovate around new techniques and models and re-think how they operate. The use of new approaches like AR and/or Gamification must be a reality at this moment. In this context, High Education is required to address the present needs, i.e., to create learning options that involve and encourage the actual students -a community highly digital.
In this study, we focused on analysing the introduction of AR and Gamification in m_learning in the teaching learning process in high education in Portugal.
In the obtained results it is possible to emphasize that the professors already had a very strong previous knowledge regarding the capacity to install applications of augmented reality, and gamification. However, one of the interesting results obtained is that women have less know-how for the technologies but more willingness to incorporate them into their classrooms. On the other hand, the participation and the engagement to incorporate these two technologies in the classroom is seen by the professors as very positive, therefore, are met the essential conditions for their adoption in the teaching-learning process. To complement this trend, when professors are questioned about their beliefs regarding the added value of using these technologies (augmented reality apps and gamification apps), the results obtained are very positive.
As future work, it would be interesting to continue our research from the student's point of view, and the reality concerning other countries.
